Abstract: Solid-state M-4-MeO-Bz compounds, where M stands for trivalent La, Ce, Pr, Nd and Sm and 4-MeO-Bz is 4-methoxybenzoate, have been synthesized. Simultaneous thermogravimetry and differential thermal analysis (TG-DTA), differential scanning calorimetry (DSC), X-ray powder diffractometry, infrared spectroscopy and complexometry were used to characterize and to study the thermal behaviour of these compounds. The results led to information about the composition, dehydration, polymorphic transformation, ligand's denticity, thermal behaviour and thermal decomposition of the isolated compounds.
Introduction
Benzoic acid and some of its derivatives are used as conservant, catalyst precursors of polymers, in pharmaceutical industries, beyond other applications. A survey of literature shows that the complexes of rare earth and d-block elements with benzoic acids and some of its derivatives have been investigated in aqueous solutions and in the solid state.
In aqueous solutions, the papers reported the thermodynamics of complexation of lanthanides by some benzoic acid derivatives [1] , the spectroscopic study of trivalent lanthanides with several carboxylic acids including benzoic acid [2] , the influence of pH, surfactant and synergic agent on the luminescent properties of terbium chelates with benzoic acid derivatives [3] , the thermodynamic of complexation of lanthanides by benzoic and isophthalic acids [4] and the synthesis, crystal structure and photophysical and magnetic properties of dimeric and polymeric lanthanide complexes with benzoic acid and its derivatives [5] .
In the solid state the papers reported the thermal stability and thermal decomposition of thorium salts with several organic acids, including 4-methoxybenzoic acid [6] , as well as benzoic and m-hydroxybenzoic acids [7] ; the thermal decomposition of nickel benzoate and of the nickel salt of ciclohexane carboxylic acid [8] ; the thermal and spectral behaviour on solid compounds of benzoates and its methoxy derivates with rare earth elements [9] [10] [11] [12] [13] [14] [15] [16] ; the vibrational and electronic spectroscopic study of lanthanides and effect of sodium on the aromatic system of benzoic acid [17, 18] ; the reaction of bivalent cooper, cobalt and nickel with 3-hidroxy-4-methoxy and 3-methoxy-4-hidroxybenzoic acids and a structure for these compounds has been proposed on the basis of spectroscopic and thermogravimetric data [19] ; the thermal decomposition of thorium salts of benzoic and 4-methoxybenzoic acids in air atmosphere [20] ; the thermal and spectral behaviour on solid compounds of 5-chloro-2-methoxybenzoate with rare earth and d-block elements [21] [22] [23] [24] ; the synthesis and characterization of 2,3-dimethoxyben-zoates of heavy lanthanides and yttrium [25] ; the thermal studies on solid compounds of phenyl substituted derivates of benzyllidenepyruvates with several metal ions [26, 27] ; the spectral and magnetic studies of 2-chloro-5-nitrobenzoates of rare earth elements [28] and thermal behaviour of solid state 4-methoxybenzoates of some bivalent transition metal ions [29] .
In this work 4-methoxybenzoates of La(III), Ce(III), Pr(III), Nd(III) and Sm(III) were synthetized. The compounds were investigated by means of infrared spectroscopy, X-ray powder diffractometry, simultaneous thermogravimetry and differential thermal analysis (TG-DTA), differential scanning calorimetry (DSC) and other methods of analysis.
Experimental
The 4-methoxybenzoic acid (4-MeO-HBz) 98% was obtained from Acros Organics and purified by recrystallization. Aqueous solution of Na-4-MeO-Bz 0.1 mol L -1 was prepared from aqueous 4-MeO-HBz suspension by treatment with sodium hydroxide solution 0.1 mol L -1 . Lanthanum and lanthanide chlorides were prepared from the corresponding metal oxides (except for cerium) by treatment with concentrated hydrochloric acid. The resulting solutions were evaporated to near dryness, the residues were again dissolved in distilled water, transferred to a volumetric flask and diluted in order to obtain ca. 0.1 mol L -1 solutions, whose pH were adjusted to 5.5 by adding diluted sodium hydroxide or hydrochloric acid solutions. Cerium (III) was used as its nitrate and ca. 0.1 mol L -1 aqueous solutions of this ion were prepared by direct weighing of the salt. The solid state compounds were prepared by adding slowly, with continuous stirring, the solution of the ligand to the respective metal chloride or nitrate solutions, until total precipitation of the metal ions. The precipitates were washed with distilled water until elimination of the chloride (or nitrate) ions, filtered through and dried on Whatman n o 42 filter paper, and kept in a desiccator over anhydrous calcium chloride, under reduced pressure to constant mass.
In the solid state compounds, hydration water, ligand and metal ion contents were determined from TG curves. The metal ions were also determined by complexometric titrations with standard EDTA solution, using xylenol orange as indicator [30, 31] .
X-ray powder patterns were obtained by using a Siemens D-5000 X-ray diffractometer, employing Cu Kα radiation (λ = 1.541 ) and settings of 40 kV and 20 mA.
Infrared spectra for Na-4-MeO-Bz as well as for its metal-ion compounds were run on a Nicolet model Impact 400 FT-IR instrument, within the 4000-400 cm -1 range. The solid samples were pressed into KBr pellets.
Simultaneous TG-DTA curves were obtained with thermal analysis system model SDT 2960 from TA Instruments. The purge gas was an air flow of 100 mL min -1 . A heating rate of 20 ºC min -1 was adopted with samples weighing about 7 mg. Platinum crucibles were used for recording the TG-DTA curves.
DSC curves were obtained with thermal analysis systems model DSC 25 from Mettler Toledo. The purge gas was an air flow of 100 mL min -1 . A heating rate of 20ºC min -1 was adopted with samples weighing about 5 mg. Aluminium crucibles, with perforated cover, were used for recording the DSC curves.
Computational strategy. Calculation of the theoretical infrared spectrum of lanthanum 4-methoxybenzoate is necessary to evaluate the structure and wave function computed by the ab initio SCF Hartree-Fock-Roothan method [32] using a split valence (lanL2DZ) basis set [33] [34] [35] [36] . The performed molecular calculations in this work were done by using the Gaussian 98 routine [37] and the hardware used was IBM power 3. The geometry optimization was carried out without any constraints. The molecule of 4-methoxybenzoate contain rings with conformational flexibility, all variables were optimized. The optimization proceeded make uniformly when all variables were optimized.
Results and discussion
The analytical and thermoanalytical (TG) data are shown in Table 1 . These results establish the stoichiometry of these compounds, which are in agreement with the general formula ML 3 .nH 2 O, where M represents trivalent La, Ce, Pr, Nd or Sm, L is 4-methoxybenzoate and n=2; 1.5; 2; 2.5 and 0, respectively.
The X-ray diffraction powder patterns ( Fig. 1) show that all the compounds have a crystalline structure and only the La and Pr show evidence for formation of isomorphous compounds.
Infrared spectroscopic data on 4-methoxybenzoate and its compounds with trivalent metal ions considered in this work are shown in Table  2 . The investigation was focused mainly within the 1700-1400 cm -1 range because this region is potentially most informative to assign coordination sites. In the sodium 4-methoxybenzoate, strong bands located at 1543 cm -1 and 1416 cm -1 are attributed to the anti-symmetrical and symmetrical frequencies of the carboxylate groups, respectively [38, 39] . In the compounds considered in this work analysis of the frequencies of the ν as and ν sym (COO -) bands shows that the lanthanides are linked to the carboxylic group by a bidentate bond with an incomplete equalization of bond lengths in the carboxylate anion; this is in agreement with the literature [40] .
The theoretical infrared spectrum of anhydrous lanthanum compound was calculated by using a harmonic field [41] and the obtained frequencies were not scaled. The geometry optimization was computed by the optimized algorithm of Berny [42] . 
The obtained geometry from calculations is presented in Figure 2 and Table 3 . The theoretical infrared spectrum (electronic state Simultaneous TG-DTA curves of the compounds are shown in Figs 3, 6-9. These curves show mass losses in steps, corresponding to endothermic peaks due to dehydration and crystalline transition or exothermic peaks attributed to oxidation of the organic matter. In all the TG-DTA curves, the mass loss profile shows that the sample temperature is greater than the oven temperature, indicating that the oxidation of the organic matter is accompanied by the combustion. The thermal stability of the anhydrous compounds as well as the thermal behaviour of the compounds is heavily dependent on the nature of the metal ion as shown by the TG-DTA curves, and so the features of each compound are discussed individually.
Lanthanum compound. The simultaneous TG-DTA curves are shown in Fig. 3 . These curves show mass losses in steps and thermal events corresponding to these losses or due to the crystalline phase transition. The first mass loss observed between 77-136ºC (TG), corresponding to an endothermic peak at 120 C, without mass loss in the TG curves, is due to the enantiotropic polymorphic transformation, which was confirmed by X-ray powder diffraction patterns (Fig.4) and TG-DTA curves (Fig.5) . 26 Ecl. Quím., São Paulo, 31 (1) transformations respectively, which was confirmed by X-ray powder diffraction patterns (Fig.10) , and TG-DTA curves (Fig.11) . For all the compounds the enantiotropic polymorphic transformation is in agreement with the literature data [13, 15, 16] , except the temperatures where all the thermal events occurs; and these differences are undoubtedly because the TG and DTA curves were obtained in conditions enough different. The monotropic polymorphic transformations observed for the cerium and samarium compounds, were not observed in the refs. 13, 15 and 16.
The DSC curves of the compounds are Figure 11 . TG-DTA curve of heating and cooling of the compound Sm(L) 3 .
shown in Fig.12 . These curves show endothermic and exothermic events that all accord with the mass losses observed in the TG curves and endothermic peaks due to crystalline phase transition. C. This difference is undoubtedly provoked by the crucible with perforated cover used to obtain the DSC curves, while a crucible without perforated cover is used for recording the TG and DTG curves. 
Conclusions
From analytical and thermoanalytical (TG) results a general formula could be established for these compounds in the solid state.
The X-ray powder patterns pointed out that the synthesized compounds have a crystalline structure and only the La and Pr show evidence concerning to the formation of isomorphous compounds.
The infrared spectroscopic data suggest that the 4-MeO-Bz acts as a bidentate ligand towards the metal ions considered in this work.
The TG-DTA and DSC curves provided previously unreported information about the thermal behaviour and thermal decomposition of these compounds.
